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ABSTRACT 


THIS INVESTIGATION WAS CONDUCTED TO DISCOVER THE RESONANCE PROTON 
ABSORPTION ENERGY LEVELS FOR THE 534 (p,y er ey, REACTION BETWEEN E, OF 800 
KEV AND 1950 Kev. THE PROTON BEAM WAS PRODUCED BY THE TWwO-MEv VAN DE GRAAFF 
GENERATOR AT THE U. S. NavaAL POSTGRADUATE SCHOOL. THE INFORMATION WAS 
OBTAINED IN THE FORM OF GAMMA YIELD VS. Ep. 

THE FOLLOWING PROTON CAPTURE RESONANCE LEVELS, NOT PREVIOUSLY 


REPORTED TO THE COGNIZANCE OF THE INVESTIGATORS, WERE DISCOVERED: 








+ (kev) Recative YIELD HALF-wIDTH (Kev) 
1015 + 4 1.5 9 

1206 + 4 13.5 5 

1523 + 4 : 45 


THE LOW RESONANCES AT E, oF 1370, 1610, 1697, 1810, ano 1860 kev, 
REPORTED BY HANSCOME AND MALICH, WERE NOT DEFINITELY CONFIRMED, THOUGH IT 
1S POSSIBLE THAT THEY WERE OBSERVED WITHOUT BEING CONCLUSIVELY IDENTIFIED. 

THE AUTHORS GRATEFULLY ACKNOWLEDGE THE CONTRIBUTIONS OF BOTH THEO- 
RETICAL ADVICE AND TECHNICAL ASSISTANCE PROVIDED BY PROFESSOR EDMUND A, 
MILNE. APPRECIATION 1S ALSO EXPRESSED FOR THE TECHNICAL ASSISTANCE OF 


ALLEN GOODALL, ROBERT MOELLER, AND KENNETH C. SMITH. 
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1. INTRODUCTION 

THE VAN DE GRAAFF SR REGOR AT THE NAVAL POSTGRADUATE SCHOOL PRO- 
VIDES PROTONS WITH ENERGIES UP TO 2 MEV. FROM THE VIEW OF NUCLEAR 
SPECTROSCOPY, PROTONS OF THESE ENERGIES ARE VERY SUITABLE FOR EXPERIMENTS 
on (P,¥ ) REACTIONS IN LIGHTER NUCLE!t. THESE RELATIVELY LOW BOMBARD ING 
ENERGIES HAVE TWO ADVANTAGES: THE DE-EXCITATION OF A RESONANCE LEVEL 
WILL BE SIMPLER, THE LOWER THE EXCITATION ENERGY; AND THE GENERAL 
BACKGROUND OF GAMMA RADIATION 1S LOWER AT LOWER BOMBARDING ENERGIES. 
BECAUSE LITTLE WAS KNOWN OF THE S (P,Y )CI REACTIONS, THEY WERE SELECTED 
FOR INVESTIGATION. 

A KNOWLEDGE OF THE NATURAL CHARACTERISTICS OF THE S (p, ¥ )CI 
REACTIONS IS REQUIRED FOR THIS INVESTIGATION: 


GAMMA RAY ENERGY FOR 


Isotope ABUNDANCE Q-VaLue For (Pp, J) Ep = 830 to 1900 kev 


36 95.1% 2.285 3.090 - 4.130 Mev 
533 14% 5.12 5.925 - 6.960 
534 4 2% 6.373 Tio is = MPs 
536 016% 8.46 9.265 - 10.30 


THE CHLORINE PRODUCTS RESULTING FROM THE (P, {) REACTIONS WITH 
s3t AND 536 ARE STABLE ISOTOPES WHICH DE-EXCITE PROMPTLY TO GROUND 
STATE. HOWEVER, THE COMPOUND NUCLIDES Cl AnD Cl ARE POSITRON- 


EMITTERS WITH THE FOLLOWING DECAY SCHEMES: 





42 





533 


33 


Ficure |. Decay SCHEME oF C 


ci (320) 45 





c134(1.595) 
2u,c” 

3.22 

2.127 


Ficure 2. DECAY SCHEME OF 134 


LITTLE INFORMATION IS AVAILABLE CONCERNING THE CROSS-SECTIONS OR 
RELATIVE yietos FoR S(p,f ) reactIONS. HOWEVER, IT 1S ASSUMED THAT 
REACTIONS WITH 536 WILL NOT BE OBSERVABLE, SINCE THE ABUNDANCE BOTH JIN 


i 


ENRICHED AND NATURAL SULFUR IS EXCEEDINGLY SMALL. 
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IT 1S EXPECTED THAT GAMMA YIELDS FROM STRONG S23 REACTIONS COULD 
BE DETECTED FROM BOMBARDMENT OF NATURAL SULFUR TARGETS, WITH APPROXI- 
MATELY THE SAME YIELOS AS WITH THE ENRICHED 534 MATERIAL, BECAUSE OF 
THE SIMILAR PROPORTIONS OF S32 IN THE NATURAL AND THE ENRICHED SULFUR. 
Figures | AND 2 INDICATE THAT IF REACTIONS DUE TO S3¢ + p OR 33 4 p 
WERE SUSPECTED, THEY COULD BE DISTINGUISHED FROM THE 534 + p REACTIONS 


BY INVESTIGATING POSSIBLE POSITRON DECAY OF THE COMPOUND NUCLIDES 


133. AND 134", 





2. PREVIOUS INVESTIGATIONS 
RELATIVELY LITTLE WORK HAS BEEN REPORTED REGARDING THE PROTON-GAMMA 
REACTION WITH ISOTOPES OF SULFUR. 
A COMPREHENSIVE WORK OVER A LIMITED ENERGY RANGE WAS PERFORMED BY 
C. Van DER LEUN, UtrRecHT UNIverRsity, UTRECHT, NETHERLANDS. HIS EXPERI- 
MENTS DEALT WITH THE PROTON-GAMMA REACTIONS OF 1SOTOPES S2*° AND S358 WITH 
PROTON ENERGIES uP To GOO kev ( | ). 
A. 53¢ + P : 
REFERENCES AS LATE AS 1958 REPORT THAT WITHIN THE Ep = 200 To 
800 KEV REGION THERE 1S ONLY ONE RESONANCE AT 594 Kev. However, 
PRIVATE CORRESPONDENCE WITH E.M. ENOT REVEALS THAT THERE ARE TWO 
RESONANCES AT 579.8 + 1.5 AND 587.4 + 1.5 KEV ( 2). No OTHER RESONANCES 
of S2° HAVE BEEN FOUND BELOW 850 KEV. 
THE REGION OF Eg = 0.9 To 2.1 MEV HAS BEEN INVESTIGATED BY T. D. 
Hanscome AND C. W. MALICH USING THE VAN DE GRAAFF GENERATOR AT THE NAVAL 
RESEARCH LABORATORY (3,4). HOWEVER, SINCE NO INDUCED BETA-ACTIVITY WAS 
OBSERVED, ALL RESONANCES WERE ATTRIBUTED TO THE s34(p, y crs REACTION. 
OTHER INVESTIGATIONS OF SULFUR INCLUDE THAT OF THE s3¢(, ,)S3 
REACTION PERFORMED BY A. J. FERGUSON AND H. E. Gove oF THE CHALK RIVER 
LABORATORIES (5). WiTH A HoS GAS TARGET, TWO RESONANCES WERE REPORTED 
IN THE REGION E, = 1.0 To 2.8 Mev at 1.9 ano 2.31 Mev. THE LATTER IS 
BEYOND THE ENERGY RANGE OF THIS INVESTIGATION, BUT THE |.9 MEV RESONANCE 
WAS FREQUENTLY OBSERVED. RECENT WORK BY J. W. OLNESS, W. HAEBERLI ANO 
H. W. Lewis of Duke UNIVERSITY WITH S55 pee AND s**(p pr, ¥)s3 
REACTIONS HAS CONFIRMED THE S2° RESONANCES AT 1.9 ano 2.31 Mev (6). 


THEIR EXPERIMENTS INCORPORATED A H2S (99% pure) GAS TARGET AND 


\ 





COVERED THE ENERGY RANGE OF Ep = 1.5 to 4.0 Mev. 
Figure f SUMMARIZES THE RESULTS OF PREVIOUS INVESTIGATIONS AND 


INDICATES THE EXCITED LEVELS OF THE RESULTING COMPOUND NUCLEUS CI33 (7). 






-4 369 
| a1364p- | 


2unc® 
P (See pace 2) 


Ficure 3. Resonance LEVELS OF efee 


B. oe + P 
SINCE SULFUR OF NATURAL ISOTOPIC COMPOSITION IS ONLY . (5% $33 
AND THE ENRICHED cos3t OBTAINED FROM THE OAK RIDGE LABORATORIES CONTAINED 
0.% 533, AN ALMOST INSIGNIFICANT GAMMA YIELD CAN BE EXPECTED. CONCUR- 


RENT INVESTIGATIONS OF THIS REACTION ARE BEING CONDUCTED BY A. H. GAEHLER 
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AND A. L. KNIPP TO DETERMINE EXCITED LEVELS OF 134 IN THE REGION Ep, = 1.10 
- 1.5 Mev. AND SINCE THEIR ENRICHEO CoS33 coNTAINS 73.6% S3¢ ann 4.2% sol 


THEIR RESULTS HAVE BEEN COMPAREO WITH THE RESONANCES OBSERVED !N THIS INVES- 
TIGATION WITH cos34, IN ORDER TO TRY TO MATCH THE RESONANCES WITH THE 
PROPER ISOTOPE. ; 

C. VAN DER LEUN'S INVESTIGATIONS IN THE REGION OF E,= 200 To 850 
KEV SHOW TWO RESONANCES AT Lug AND 513 KEV (1). HOWEVER, THESE FIGURES HAVE 
BEEN REVISEO AND ARE FINALLY REPORTED AS W465 aNnD 507.0 kev (2). Atso 


SEVEN NEW LEVELS HAVE BEEN DETECTED IN e134, Between E, * 550 And 850 KEV, 


AT LEAST TEN MORE RESONANCES ARE INDICATED IN THE S32 (p,X )Ct? REACTION, 
A SUMMARY OF KNOWN RESONANCES RESULTING IN THE EXCITED STATE OF 
c134 1S GIVEN BELOW. 5 
— 
rae iy 


a 
ves 
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Ficure 4. Resonance LEVELS oF 134. 
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LITTLE INFORMATION REGARDING THIS REACTION HAS BEEN REPORTED. 
P. M, ENDT HAS OBSERVED SEVERAL RESONANCES IN THE E, ® 200 to O50 kev 
REGION, BUT RESOLUTION DIFFICULTIES PREVENTED EXACT RESONANCE ENERGY 
DETERMINATIONS (2). THE REGION FROM Ep = .9 TO 2.1 Mev, SEARCHED BY 
T. D. Hanscome and C. W. MALICH USING CADMIUM SULFIDE OF NATURAL !SOTOPIC 
COMPOSITION, HAS REVEALED. NUMEROUS NARROW RESONANCES, MANY OF WHICH 
APPARENTLY ARE NOT EASILY RESOLVED. SINCE NO INOUCED ACTIVITY WAS 
OBSERVED, THESE RESONANCES WERE ATTRIBUTED TO 534, THE MORE PROMINENT 
RESONANCES WERE REPORTED AT Ep of 1.37, 1.61, 1.69, 1.81 ano 1.86 Mev. 
HANSCOME AND MALICH HAVE OBSERVED RELATIVELY INTENSE RESONANCES ABOVE 
1.9 MEv BUT AGAIN POOR RESOLUTION PREVENTED THEIR EXACT LOCATION. ESTI- 
MATES OF THE GAMMA-RAY ENERGY COINCIDED WITH CALCULATED Q-VALUES AND 
SOME POSSIBLE CASCADE TRANSITIONS WERE OBSERVED. WORK WAS DISCONTINUED 
IN THIS REGION, HOWEVER, BECAUSE THE EQUIPMENT USED BY MALICH AND 
HANSCOME WAS DIVERTED TO OTHER USES. 

A SUMMARY OF THE REPORTED EXCITED STATES OF CI3) 18 REPORTED 


pecow (7). (See next pace.) 
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Figure 5. Resonance LEVELS OF 13), 





Sy Equipment! 

THE ENERGY OF THE PROTON BEAM FROM THE VAN DE GRAAFF GENERATOR IS 
RESOLVED BY MEANS OF A 25-DEGREE ELECTROMAGNETIC ANALYZER WHICH 1S 
CALIBRATED IN TERMS OF PROTON ENERGY VERSUS MAGNET CURRENT. IN THE 
ENERGY RANGE oF GOO To 1950 KEV, COVERED DURING THIS INVESTIGATION, THE 
RELATION BETWEEN BEAM CURRENT AND MAGNET CURRENT IS ALMOST LINEAR, SO 
THAT ADJACENT CALIBRATION POINTS CAN BE CONNECTED BY A STRAIGHT LINE. 

IT 1S NOTED THAT THE ENERGY OF THE BEAM IS SUBJECT TO THE STABILITY OF THE 
MAGNET CURRENT, AND EVIDENCE WILL BE DESCRIBED WHICH INDICATES THAT THIS 
CURRENT !S SUBJECT TO DRIFT. HOWEVER, THE SCANNING RATE FOR AN ENERGY 
RANGE CAN BE CONTROLLED SO THAT IT 1S POSSIBLE TO PROCEED IN STEPS OF 


LESS THAN 0.5 KEV FOR LOCATING INDIVIDUAL RESONANCE PEAKS. 
: 

REGULATION OF THE NUMBER OF PROTONS HITTING THE TARGET PER BOMBARD- 
MENT 1S ACCOMPLISHED BY MEANS OF A CURRENT INTEGRATOR WHICH UTILIZES A 
CAPACITOR TO CUT OFF THE BEAM AFTER A SELECTED AMOUNT OF CHARGE HAS BEEN 
RECEIVED AT THE TARGET, RATHER THAN AFTER A SELECTED PERIOD OF BOMBARDMENT. 

THE GAMMA YIELD FROM BOMBARDMENT WAS DETECTED BY MEANS OF A THALLIUM- 
ACTIVATED SODIUM IODIDE CRYSTAL MOUNTED ON A PHOTOMULTIPLIER TUBE. THE 
SIGNALS FROM THE PHOTOMULTIPLIER WERE PASSED TO AS MANY AS THREE NON@= 
OVERLOADING AMPLIFIERS WHICH WERE CAPABLE OF EITHER INTEGRAL OR DIFFEREN- 
TIAL PULSE DISCRIMINATION. THE SIGNALS FROM EACH AMPLIFIER WERE COUNTED 
BY A CONVENTIONAL SCALER. THE UNDISCRIMINATED SIGNALS FROM ONE OF THE 
AMPLIFIERS WERE PASSED TO AN OSCILLOSCOPE FOR VISUAL PRESENTATION, AND 


A POLAROID CAMERA WAS USED TO RECORD PULSE HEIGHT DISTRIBUTION AT SELECTED 


ENERGIES. 


| See Fig. 12, Anacysis Equipment SCHEMATIC DIAGRAM 
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CERTAIN UNCONVENTIONAL COMPONENTS OF THE INVESTIGATIVE EQUIPMENT ARE 
DESCRIBED IN APPENDIX If. 
4. «PREPARATION OF THE TARGETS 

PuRE SULFUR, MELTING POINT 112°C, 1S QUICKLY EVAPORATED BY THE HEAT 
GENERATED BY PROTON BEAMS OF THE ORDER OF INTENSITY OF THOSE REQUIRED 
FOR THIS INVESTIGATION. CONSEQUENTLY, ENRICHED SULFUR WAS OBTAINED IN 
THE FORM OF CADMIUM SULFIDE, WHICH SUBLIMES IN PURE NITROGEN AT 1750°C. 
THUS THE STABILITY OF THIS MATERIAL UNDER CONDITIONS OF PROTON BOMBARD - 
MENT 1S UNDOUBTEDLY BETTER THAN THAT OF NATURAL SULFUR, THOUGH IT WAS 
DISCOVERED THAT THE CADMIUM SULFIDE REQUIRED CONSTANT COOLING DURING 
USE. THE METHOD OF COOLING IS DESCRIBED IN APPENDIX |. 

THE CADMIUM SULFIDE OBTAINED IN POWDER FORM IS NOT CONVENIENT AS 
SUCH FOR TARGETS FOR PROTON BOMBARDMENT. THE METHOD USED FOR PREPARING 
TARGETS FROM POWDERED MATERIAL 1S A MODIFICATION OF THE STANDARD VACUUM 


PLATING TECHNIQUE, AND 1S DESCRIBED IN APPENDIX II. 





5. EXPERIMENTAL METHODS 
SUBSTANCES WHICH WERE EXPECTED TO CONTRIBUTE GAMMA YIELOS DURING THE 
PROTON BOMBARDMENT OF THE ENRICHED MATERIAL INCLUDE THE FOLLOWING: 


A. {ISOTOPES OF SULFUR IN THE ENRICHED CoS: 


SE 62% 
533 0.8% 
334 37.2% 
536 "TRACE. 


B. pI? WHICH PRIMARILY EXHIBITS THE REACTION FIP (p,~, y)ol®, 
% 
THE PRODUCT NUCL IDE 06 IN THIS REACTION EMITS RELATIVELY INTENSE 
GAMMAS OF on LE 6.90, AND 7.12 MEV PREDOMINANTLY, ENERGIES WHICH ARE 
OF THE SAME ORDER OF MAGNITUDE AS THE GROUND STATE TRANSITION RADIA- 
TION FROM THE 534 (py )c12> REACTION. THIS CONTAMINANT WAS PRESENT 
IN VARYING AMOUNTS ON ALL OF THE TARGETS AND UNFORTUNATELY EXHIBITS A 
NUMBER OF RELATIVELY H!IGH RESONANCES THROUGHOUT MOST OF THE ENERGY 
RANGE OF THIS INVESTIGATION. THE ORIGIN OF THE FLUORINE WAS NOT ESTAB- 
LISHED. IT 1S POSSIBLE THAT THE TANTALUM DISCS CARRYING THE COS CONTAINED 
THE SUBSTANCE, BUT BLANK TARGETS CLEANED IN THE SAME MANNER AS THOSE 
WITH THE CoS, EXHIBITED VERY LITTLE OF THIS RADIATION. IT MAY BE 
SIGNIFICANT THAT THE TARGETS OF ENRICHED COS INDICATED CONSIDERABLY MORE 
FLUORINE THAN THOSE WITH THE NATURAL COMPOUND, RAISING THE POSSIBILITY 
THAT THE ENRICHED MATERIAL ITSELF CONTAINS A CERTAIN AMOUNT OF FLUORINE. 
G. ae AND ee ARE DEPOSITED ON A TARGET DURING THE COURSE OF BOM- 
BAROMENT. APPARENTLY THIS CARBON RESULTS FROM THE MINUTE AMOUNT OF 
DIFFUSION PUMP OIL THAT IS ABLE TO "CREEP" INTO THE SYSTEM, FOR SPOTS 


OF CARBON BLACKENING WERE MORE NOTICEABLE ON TARGETS WHICH HAD BEEN 


BOMBARDED IN RELATIVELY POOR VACUUM. THE BROAD 1.698 MEV RESONANCE 





or tue C!&(p, x yn '3 REACTION YIELDING GAMMAS OF 3.51 MEV WAS ALWAYS 
DISCERNIBLE IN VARIOUS INTENSITIES, AND IT 1S CONSIDERED THAT THIS 
REACTION CONTRIBUTED TO THE GENERAL INCREASE IN BACKGROUND RADIATION 
OBSERVED THROUGHOUT THE ENTIRE UPPER PORTION OF THE ENERGY RANGE TO 
1.9 Mev. THIS IS ILLUSTRATED IN FiGuRES 9 AND $0. ON THE OTHER HAND, 
IT 1S NOT CERTAIN WHETHER ALL OF THE SEVERAL KNOWN RESONANCES FOR THE 
c!3(p,¥ nit REACTION WERE OBSERVED CONSISTENTLY, BECAUSE OF THE LOW 
RELATive asuNDaNce oF C!3 (asout 1.1%) AND THE LOW CROSS-SECTIONS FOR 
THE RESONANCES, USUALLY LESS THAN O.1! MILLIBARN. 

THE FOLLOWING METHODS WERE EMPLOYED FOR DETERMINING WHETHER OBSERVED 
RESONANCES SHOULD BE ATTRIBUTED TO 534 (p, ¥ C135 REACTIONS: 

A. THE ENERGY RANGE WAS TRAVERSED USING TARGETS OF CADMIUM SULFIDE 
WITH NATURAL SULFUR, PREPARED BY BUBBLING HYDROGEN SULFIDE INTO CADMIUM 
NITRATE AND SEPARATING THE FILTRATE WITH A CENTRIFUGE. THE RELATIVE 
MAGNITUDES OF RESONANCES OBSERVED USING THESE TARGETS WERE COMPARED WITH 
THE YIELOS OBTAINED USING THE ENRICHED MATERIAL TO DETERMINE WHETHER 
POSSIBLE RESONANCES DUE TO 534 REACTIONS EXHIBITED INCREASED YIELDS 
WITH THE ENRICHED TARGETS. 

B. THE ENERGY RANGE WAS AGAIN TRAVERSED USING BLANK TARGETS WHICH 
HAD BEEN TREATED EXACTLY THE SAME AS THE CADMIUM SULFIDE TARGETS, EXCEPT 
FOR THE ACTUAL COATING. THIS TECHNIQUE PROVIDED AN INDICATION OF THE 
ORDER OF MAGNITUDE OF THE BACKGROUND YIELO, BUT IT WAS NOT CONCLUSIVE 
IN REVEALING THE AMOUNT OF FLUORINE CONTAMINATION ON THE TARGETS. 

Ficure 7. SHOWS THE YIELDS FROM THE 073 AND THE 935 KEV FLUORINE RESONANCES 
COMPARED WITH THOSE OBSERVED USING TARGETS OF ENRICHED MATERIAL. 
C. TWO AND SOMETIMES THREE AMPLIFIERS WITH APPROPRIATE INTEGRAL OR 


DIFFERENTIAL BIASES WERE USED TO SEPARATE CONTAMINANT RADIATION FROM 
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THE PRIMARY GAMMAS OF THE 534 RESONANCE REACTIONS. THIS TECHNIQUE CAN BE 
USED FOR SEPARATING GAMMAS DUE TO ¢ 133 AND n'3, AND THOSE FROM CERTAIN 
nid LEVELS, BUT IT WAS NOT CONSIDERED THAT THE CALIBRATION OF THE AMPLI- 

16" 
FIERS WAS SUFFICIENTLY ACCURATE FOR SEPARATING THE RADIATION FROM O . 
THE TECHNIQUE 1S ALSO LIMITED BY THE FACT THAT IT ONLY ALLOWS IDENTIFICA- 
TION OF THE YIELDS OF THE PRIMARY RADIATION FROM THE 53 REACTIONS WHICH 
ARE ENERGETICALLY DISTINCT FROM FLUORINE REACTIONS, AND IT IS NOT USEFUL 
FOR IDENTIFYING CASCADE RADIATION FROM THE 534 REACTIONS. 

16* 

D. THE MOST RELIABLE MEANS AVAILABLE FOR DISTINGUISHING THE O 
+ 
DE-EXCITING RADIATION FROM THAT DUE TO o> WAS PHOTOGRAPHIC ANALYSIS 
OF RESONANCE RADIATION. AS ILLUSTRATED IN Ficure 6(a), THE GAMMA 
19 od ) 16 
SIGNATURE OF THE F 7(p,%, Y)O'” REACTION IS RELATIVELY DISTINCT, AND 
1T 1S PROTON ENERGY~!INDEPENDENT THROUGHOUT THE RANGE OF THIS INVESTI- 
+ 

GATION. HOWEVER, IT IS. NOTED THAT THE O GAMMA SIGNATURE IS ONLY AN 
APPROXIMATE ENERGY CALIBRATION FOR UNKNOWN RADIATION, FOR THE FOLLOWING 
REASONS: 

(1) THE OSCILLOSCOPE PRESENTATION 1S NOT LINEAR. 

(2) THE VERTICAL SCALE ON THE OSCILLOSCOPE EXHIBITED A TENDENCY TO 
DRIFT, AND ON ONE OCCASION THIS AMOUNTED TO APPROXIMATELY 15% over A 
PERIOD OF AN HOUR. THE SOURCE OF THE DRIFT COULD HAVE BEEN EITHER IN 
THE OSCILLOSCOPE ITSELF OR IN THE PULSE HEIGHT OF THE INCOMING SIGNAL 
FROM THE AMPLIFIER OR THE PHOTOMULTIPLIER. 

RESOLUTION AND CALIBRATION OF THE EQUIPMENT 

BASED ON OBSERVATION OF THE RESONANCE "SPIKES OF ALUMINUM USED 
FOR CALIBRATIONS, iT 1S CONSIDERED THAT THE RATED RESOLUTION OF THE PROTON 


BEAM OF 0.2%, OR TwO KEV AT ONE MEV, IS NOT EXCEEDED. THE INFLUENCE OF 


THE "DRIFT," DISCUSSED IN THE SUCCEEDING PARAGRAPH, ON THE OBSERVED WIDTHS 
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OF THESE SPIKES, WAS PROBABLY NOT APPRECIABLE, SINCE THE PEAKS OF THE 
SPIKES USUALLY COULD BE DEFINED BY NOT MORE THAN FOUR READINGS AT INTER- 
VALS OF APPROXIMATELY 0.5 KEV, REQUIRING LESS THAN A MINUTE AND A HALF. 
THE THICKNESS OF THE ALUMINUM COATING ON THE TARGET WAS NOT KNOWN, BUT 
THE TOTAL PEAK WIDTHS DUE TO THE WIDTH OF THE BEAM PLUS THE THICKNESS 
Be THE TARGET WERE SOMETIMES AS NARROW AS 2 KEV, SO THAT THE BEAM WIDTH 
COULD NOT HAVE EXCEEDED THIS. 

BoTH ALUMINUM AND FLUORINE TARGETS WERE USED FOR CALIBRATION, AND 

% 

THE SHAPES AND SPACINGS OF THE LATTER Were correLaTed with O!© Gamma 
SIGNATURES WHICH COULD ALWAYS BE IDENTIFIED ON THE CADMIUM SULFIDE TARGETS. 
HowEVER, IT 1S CONSIDERED THAT THE INFLUENCE OF DRIFT ON THESE CAL IBRA~ 
TIONS WAS THE MOST SERIOUS LIMITATION TO THE ACCURACY OF THE DETERMINATIONS 
OF THE RESONANCE ABSORPTION LEVELS. THE OBSERVED DRIFTS WERE PROBABLY DUE 
BOTH TO SMALL FLUCTUATIONS IN THE MAGNET CURRENT SOURCE AND TO STRAYING 
OF THE REFERENCE CURRENT USED WITH THE POTENTIOMETER. THESE TWO CONTRI- 
BUTIONS TO DRIFT COULD BE APPROXIMATELY RESOLVED AT ANY SPECIFIED POINT 
FOR A GIVEN TIME INTERVAL} BUT THE DRIFT RATE WAS NOT CONSTANT EITHER 
IN MAGNITUDE OR DIRECTION. ACCORDINGLY THE MOST REASONABLE WAY TO TREAT 
THE DRIFT APPEARED TO BE TO ESTABLISH AT LEAST TWO CALIBRATION POINTS 
FOR EACH HYSTERESIS LOOP OF THE ELECTROMAGNET AND REFER ALL ENERGIES 
OBSERVED FOR THIS LOOP TO THIS SLOPE. THE SLOPE WAS OBVIOUSLY NOT 
PRECISELY CONSTANT, AS 1S OFTEN ASSUMED. THE REPORTED ENERGIES SHOULD 
THEN BE MODIFIED BY AN ARBITRARY ACCURACY WHICH REFLECTS THE MAXIMUM 
DRIFTS OBSERVED. THE ACCURACY OF THIS INVESTIGATION, CONSIDERING ONLY 
DRIFT AND BEAM RESOLUTION, WAS POSTULATED as + 4 KEV FOR EACH OBSERVED 


ENERGY. 
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WIOTHS OF RESONANCE PEAKS 

AFTER CALIBRATING CAREFULLY AND ALLOWING FOR DRIFT AS DESCRIBED IN 
THE FOREGOING SECTION, THE RESONANCE YIELD MUST BE MADE AS NARROW AS 
POSSIBLE SO THAT THE PEAK CAN BE CLEARLY DEFINED. BESIDES DRIFT, THE 
THREE FACTORS WHICH INFLUENCE YIELD WIDTH ARE BEAM RESOLUTION (DISCUSSED 
ABOVE), ACTUAL RESONANCE WIDTH, AND TARGET THICKNESS. THUS IT IS CLEAR 
THAT THE TARGETS USED FOR THE FINAL DETERMINATION OF RESONANCE PROTON 
ENERGIES SHOULD BE AS THIN AS PRACTICABLE WHILE STILL ALLOWING AN 
APPRECIABLE INTENSITY OF YIELD. IN COATING THE FINAL TARGETS, TWO AND 
ONE-HALF MILLIGRAMS OF CADMIUM SULFIDE WERE USED FOR APPROXIMATELY 65 
ave OF SURFACE, INCLUDING THE WASTED AREAS ON THE WELL, DESCRIBED IN 
ApPENDIX |. IT 1S NOTED THAT FOR "ROUGH SCANNING. OF ENERGY LEVELS, 
PHOTOGRAPHING RESONANCE PEAKS, AND OTHER PROCEDURES THAT REQUIRE PRO- 
TRACTED BOMBARDMENT OF A TARGET, 10 MILLIGRAMS PER 65 cm® propuces 
FAIRLY RUGGED TARGETS, THOUGH THE RESONANCE WIDTHS OBSERVED ARE RELA- 
TIVELY COARSE. 

AMPLITUDES OF RESONANCES 

THE OBSERVED AMPLITUDES OF YIELD PEAKS DEPEND ON SUCH FACTORS AS THE 
FOLLOWING: 

(a) THE INTEGRATOR CAPACITANCE SELECTED. 

(8) CALIBRATION AND BIAS SETTINGS OF THE AMPLIFIERS. 

(c) THICKNESS OF THE TARGETS. 

(0) LocATION OF THE CRYSTAL RELATIVE TO THE TARGETS. 

(ce) INTENSITY OF THE BACKGROUND. 
FROM THE FOREGOING IT 1S APPARENT THAT THE ABSOLUTE VALUES OF THE RESO- 
NANCE AMPLITUDES ARE NOT RELEVANT EXCEPT AS RELATED TO OTHER RESONANCES 
OBSERVED WITH THE SAME TARGET DURING THE SAME RUN. THE PLOTS IN FIGURES / 


THROUGH IO HAVE BEEN NORMALIZED TO A REFERENCE PLOT, SO THAT THE RESO- 


NANCES SHOWN THEREON ARE APPROXIMATELY TO SCALE. 
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6. Resutts 

THE TWO INTENSE FLUORINE PEAKS AT Ep OF 873.5 AND 935 KEV WERE OB- 
SERVED WITH APPROXIMATELY CORRECT RELATIVE YIELOS ON ALL TARGETS RUN IN 
THIS ENERGY RANGE. HOWEVER, THEY WERE CAREFULLY SEARCHED FOR LOW 
INTENSITY S34 RESONANCES, BECAUSE: 

(a) THE PEAKS OBTAINED WITH cos34 TARGETS WERE SEPARATED SLIGHTLY 
MORE THAN THE SAME RESONANCES ON PURE FLUORINE TARGETS. 

(8) THE sHAPES OF THE CoS34 RESONANCES WERE NOT REGULAR LIKE THE 
NATURAL FLUORINE PEAKS, PARTICULARLY NEAR THE LEADING EDGES. 

(c) THE WIDTH-AMPLITUDE RATIOS OF THE cos34 FLUORINE RESONANCES 
WERE CONSISTENTLY GREATER THAN THE SAME RATIOS FOR PURE FLUORINE TARGETS. 
However, Figure 6(a), TYPICAL OF SEVERAL OBTAINED FROM THESE PEAKS, INOI- 
CATES THAT ANY 534 RESONANCES THEREIN ARE WELL MASKED BY THE FLUORINE AND 
WERE NOT RESOLVED BY THE TECHNIQUES DESCRIBED HEREIN. 

THE PEAK AT Ep oF I015 KEV IS CONSIDERED TO BE DUE TO 534 FOR THE 
FOLLOWING REASONS: 

(a) THERE ARE NO KNOWN CONTAMINANTS IN THIS ENERGY RANGE. 

(8) THE PEAK 1S RELATIVELY HIGHER WITH cos34 TARGETS THAN WITH cos3¢ 
OR Co$33, 

(c) Figure 6(8) INDICATES THAT THE CALCULATED GROUND STATE TRANSITION 
GAMMAS OF /.3/ MEV ARE PROBABLY PRESENT, AS WELL AS POSSIBLE CASCADES WITH 
GAMMAS OF ABOUT 5./ AND I.7 MEv. 

THE LOW YIELD RESONANCE AT 1155 KEV WAS OBSERVED ONLY WITH ENRICHED 
TARGETS, AS WOULD BE EXPECTED IF IT WERE DUE TO 534, HOWEVER, RESOLUTION 
IN THIS ENERGY RANGE !S DIFFICULT BECAUSE OF A HIGH BACKGROUND OF RADIA- 


TION FROM A LOW FLUORINE LEVEL AT 1176 KEV wiTH A HALF-WIDTH OF 130 Kev. 
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IT 1S ALSO NOTED THAT THERE 1S A REPORTED C!3 resonance at 1160 KEV, THOUGH 
THIS MAY NOT HAVE APPEARED DUE TO iTS LOW CROSS-SECTION OF 0.56 MILL IBARNS. 
Figure 8° 

THE RELATIVELY INTENSE RESONANCE AT E, oF 1206 KEV 1S CONSIDERED TO 
BE DUE TO 534 FOR THE SAME REASONS AS THOSE SET FORTH FOR THE PEAK AT 1015 
KEV ABOVE. IT 1S NOTED ON Figure 6(c) THAT THE PRIMARY GAMMAS OF APPROX!- 
MATELY 7.0 MEV ARE FAINTLY DISCERNIBLE, BUT MOST OF THE RADIATION 1S 
CASCADE BELOW 4.5 Mev. 

THE PEAKS AT Ep oF 1346 ano 1378 KEV ARE KNOWN TO BE PREDOMINANTLY 
FLUORINE RESONANCES, FOR THEIR RELATIVE INTENSITIES AND THEIR SEPARATION 
ARE CONSISTENT WITH RESULTS OBTAINED WITH PURE FLUORINE TARGETS. HOWEVER, 
CONSIDERABLE EFFORTS WERE MADE TO TRY TO RESOLVE THEM FOR THE FOLLOWING 

rd 
REASONS: 

(a) A 53! RESONANCE HAS BEEN REPORTED AT 1370 KEV BY HANSCOME AND 
MAL ICH. 

(8) THE DEFINITION OF NEITHER OF THE PEAKS WAS NEARLY AS CLEAR-CUT 
AS WITH FLUORINE TARGETS. 

(c) WITH THIN TARGETS A SMALL SPIKE WAS SOMETIMES OBSERVED JUST 
BELOW THE 1346 KEV PEAK, AND ANOTHER SMALL SPIKE WAS ALWAYS APPARENT 
NEARLY AT THE TOP OF THE 1378 KEV PEAK. VARIOUS PHOTOGRAPHS LIKE 
Ficure 6(b), TAKEN NEAR THE 1378 PEAK, WERE NOT CONCLUSIVE, FOR THE 6.13, 

* 
6.9, AND 7.12 GAMMAS FROM o!6 ARE VERY INTENSE. 

IT 1S SPECULATED THAT THERE COULD BE CASCADE GAMMAS OF APPROXIMATELY 
3 ano 4 Mev, suT 1T 1S NOT CLAIMED THAT THE 1370 534 RESONANCE WAS AC- 
TUALLY OBSERVED. IT 1S NOTED THAT DRIFT WAS VERY APPARENT DURING THIS 
PART OF THE iNVESTIGATION. ON ONE OCCASION THE GALVANOMETER DRIFTED 


APPROX IMATELY 4 KEV AT A CONSTANT SETTING DURING THE FIVE=MINUTE INTERVAL 
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REQUIRED TO CHANGE TARGETS FOR PHOTOGRAPHING. 

IT 1S POSSIBLE THAT THE SMALL PEAKS AT Ep oF I449 ano 1479 Kev are 
DUE TO 534 FOR THEY WERE NOT OBSERVED WITH Cos3¢ TARGETS, AND THEIR RES- 
PECTIVE PHOTOGRAPHS ARE NOT SIMILAR TO ANY OBSERVED GAMMA SIGNATURES OF 
POSSIBLE CONTAMINANTS. Ficure 6(£) INDICATES POSSIBLE HIGH ENERGY RADIA- 
TION OF THE caLcuLaTeD 8 Mev, WITH SEVERAL CASCADE GAMMAS, E.G., 6, 5, 
4, 2.3, ETc. Ficure 6(F) sHoWS NO RADIATION ABOVE APPROXIMATELY 6.5 
MEV, WITH NUMEROUS POSSIBLE CASCADES BELOW THIS. 

FOR REASONS DISCUSSED FOR OTHER PEAKS ABOVE, THE RESONANCE AT 1523 
KEV 1S CONSIDERED To BE DUE TO S34. IT 1S NOTED THAT THE YIELD 1S LOWER 
FOR NATURAL TARGETS THAN FOR ENRICHED, AND THIS RESONANCE 1S NOT REPORTED 
AT ALL DURING THE S33 INVESTIGATION BY GAEHLER AND KNIPP. FIGURE 6(c) 
INDICATES MAXIMUM GAMMAS OF APPROXIMATELY 7 MEV, WITH NUMEROUS CASCADES. 


Figure 12 (IT tS NOTED THAT THIS ENERGY REGION EXTENDS ONLY TO ABOUT 


1950 Kev) 

THE SMALL PEAKS AT Ep oF 1626 KEV DID NOT APPEAR REGULARLY, FRE- 
QUENTLY BEING MASKED BY THE BROAD 1697 cle RESONANCE, AND IT WAS NOT 
PHOTOGRAPHED. HOWEVER, IT WAS ALSO OBSERVED DURING THE GAEHLER AND 
KNIPP INVESTIGATION OF Soe RESONANCES, AND MIGHT BE DUE TO 533 OR 53H 
IT 1S NOTED THAT HANSCOME AND MALICH REPORTED A 53H RESONANCE AT 1610 ey, 

THE REPORTED REsoNANcES oF C!© at 1697 KEV AND oF 53° at 1900 KEV 
WERE REGULARLY OBSERVED AND IDENTIFIED. HOWEVER, THESE TWO PEAKS PROVIDE 
A HIGH BACKGROUND IN THE REGION BETWEEN THEM WHICH MAKES RESOLUTION OF 
SMALL PEAKS THEREIN QUITE DIFFICULT. DEFINITE SMALL PEAKS WERE OBSERVED 
at 1731, 1758, 1768, 1787, 1798, 1841, ano 1942 Kev, ano Figure 6(H) 15 
TYPICAL OF THESE. IT SHOWS A RELATIVELY LARGE AMOUNT OF RADIATION WITH 


ENERGY GREATER THAN O MEV, SUFFICIENT TO BE DUE TO 534 RESONANCES, AND 
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NUMEROUS CASCADES. HOWEVER, IT §S CONSIDERED THAT FURTHER WORK IN THIS 
REGION WOULD BE REQUIRED TO RESOLVE AND IDENTIFY ALL OF THESE PEAKS, DUE 


TO THEIR RELATIVELY LOW YIELD ANO CLOSE SPACING. 
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{. CONCLUSIONS 
{. THE OBSERVED RESONANCES WHICH ARE MOST LIKELY TO BE DUE TO THE 534 


(ep, y )ct3? REACTION ARE THE FOLLOWING: 


Ep (Kev) RELATIVE YIELO HALF -wiDTH (Kev) 
lOl5 + 4 1.5 9 
1206 + 4 13.5 5 
1523 + 4 45 8 


C. OBSERVED RESONANCES WHICH ARE PROBABLY DUE TO THE 534 (p,¥ )c139 


REACTION ARE: 





Ep (Kev) RELaTive YIELO HaLF-wioTH (Kev) 
1155 + y Oeao UNDETERMINED 
Inhg + 4 1.0 UNDETERMINED 
Ih69 + 4 1.2 UNDE TERMINED 


3. PossiBLE RESONANCES DUE TO THE 34 (p, ¥ e122 REACTION, WHICH REQUIRE 


MORE REFINED DEFINITION FOR POSITIVE IDENTIFICATION, ARE THE FOLLOWING: 


Ep (KEV RELaTive YIELD HALF -WIDTH (kev) 





873 + 10 UNDETERMINED UNDETERMINED 
Be) IC : : 
1345 + 8 " : 
BHD * 5 : : 
1616 + 4 0.3 c: 7 
1731 + 4 2.2 i " 
1758 + 4 2.0 6 
1768 + 4 1.6 UNDETERMINED 
1787 + 4 1.4 | “ 
1798 + 4 oe 2 
(Ohi + 4 220 UNDETERMINED 
1942 + 4 j eS " 
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APPENDIX | 
TARGET COATING PROCEDURE 

THE MATERIAL USED FOR THE TARGETS WAS CADMIUM SULFIDE IN POWDER 
FORM, IN WHICH THE SULFUR HAD BEEN ENRICHED FROM NATURALLY-OCCURRING 
4.2% oF 534 TO APPROXIMATELY 37.2% OF Sou ONE ADVANTAGE OF USING THIS 
COMPOUND FOR PROTON BOMBARDMENT IS THAT IT REMAINS STABLE AT RELATIVELY 
HIGH TEMPERATURES, SO THAT MELTING IT WITH THE HEAT GENERATED BY THE 
PROTON BEAM IS NOT A PROBLEM, AS IS THE CASE WITH PURE SULFUR. THE 
ONLY FIGURE AVAILABLE DESCRIBING THE MELTING TEMPERATURE OF CADMIUM SUL- 
FIDE 1S FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS, WHICH Gives 1750°C 
AT 100 aTM. PRESSURE. APPARENTLY IN THE VACUUMS OF 107) - 1076um.He AT 
WHICH THE TARGETS WERE BOTH COATED AND BOMBARDED, THE CADMIUM SULFIDE 
SUBLIMES, RATHER THAN MELTS. OTHER ADVANTAGES OF THIS COMPOUND ARE THAT 
IT 1S RELATIVELY STABLE UNDER STANDARD CONDITIONS AND IT tS NOT HYGRO- 
SCOPIC. THE MOST IMPORTANT DISADVANTAGE 1S THAT AFTER IT HAS SUBLIMED 
DUE TO HEATING, CADMIUM SULFIDE WILL ONLY DEPOSIT ON SURFACES WHICH ARE 
AT VERY LOW TEMPERATURES. THIS TROUBLESOME CHARACTERISTIC WAS DIS= 
COVERED BY ACCIDENT, AND IT MAY BE THE REASON THAT CADMIUM SULFIDE HAS 
NOT BEEN MORE WIDELY USED AS TARGET MATERIAL BY OTHER INVESTIGATORS OF 
SULFUR RESONANCES. 

THE BASIC PROCEDURE USED FOR PREPARING THE CADMIUM SULFIDE TARGETS 
WAS THE CONVENTIONAL VACUUM PLATING TECHNIQUE, IN WHICH THE CADMIUM 
SULFIDE SAMPLE IS HEATED TO SUBLIMATION TEMPERATURE IN A VACUUM OF 
APPROX IMATELY (O7OMM.Hc. THE TARGET "CARRIERS" WERE THIN TANTALUM DISCS 
APPROXIMATELY 1.5 CM. IN DIAMETER, WHICH HAD BEEN CLEANED BY USING BOTH 
NITRIC ACID AND ACETONE IN ATTEMPTING TO MINIMIZE THE AMOUNT OF FLUORINE 


CONTAMINATION WHICH APPARENTLY NO AMOUNT OF CLEANING CAN COMPLETELY 
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ELIMINATE. THE PRINCIPAL INNOVATION TO CONVENTIONAL TECHNIQUE WAS IN 
COOLING THE TANTALUM DISCS SO THAT THE CADMIUM SULFIDE MOLECULES WOULD 
"STICK THEREON AFTER SUBLIMATION. FOR THIS PURPOSE, A STAINLESS STEEL 
LIQUID AIR TRAP WAS PREPARED. THE DISCS WERE SECURED PERIPHERALLY AROUND 
THE WELL BY WEDGING THEM BETWEEN ADJUSTABLE BANDS OF LUCITE SO THAT THE 
BACK OF EACH DISC WAS FLAT AGAINST THE SURFACE OF THE WELL FOR MAXIMUM 
HEAT CONDUCTION. EXCEPT FOR THAT PORTION WHICH CONTAINED THE D!ISCS, THE 
EXTERIOR SURFACE OF THE WELLWAS INSULATED BY LUCITE SO THAT NONE OF THE 
CADMIUM SULFIDE WOULD BE WASTED. IT HAD BEEN PREVIOUSLY NOTED THAT A 
SMALL AMOUNT OF CARBON CONTAMINATION WAS IN EVIDENCE ON TARGETS PREPARED 
IN THIS MANNER. A POSSIBLE SOURCE OF THIS CARBON WAS THE DIFFUSION PUMP 
OIL WHICH APPARENTLY ADHERES TO THE COLD SURFACES OF THE WELL AND THE 
DISCS FROM THE TIME THE COOLING 1S COMMENCED, BEFORE THE CADMIUM SULFIDE 
SUBLIMATION OCCURS. IN AN ATTEMPT TO REDUCE THE AMOUNT CF THIS CONTAMI- 
NANT, A PISTON WAS PLACED INSIDE THE WELL AT A HEIGHT JUST ABOVE THE 
LOCATION OF THE TOPMOST RING OF DISCS. A 3" VERTICAL SLOT WAS CUT IN THE 
LUCITE INSULATION ON THE OUTSIDE OF THE WELL. THUS WHEN LIQUID AIR WAS 
FIRST POURED IN, THE PISTON PREVENTED IT FROM DROPPING TO THE BOTTOM, SO 
THAT THE INITIAL COOLING OCCURRED BETWEEN THE PISTON AND THE TOP OF THE 
WELL. IT 1S HOPED THAT BY THIS DEVICE THE CARBON CONTAMINANT COULD BE 
INDUCED TO DEPOSIT ON THE SURFACE EXPOSED BY THE SLOT, SO THAT BY THE 
TIME THE VACUUM INSIDE THE GLASS BELL WAS SUFFICIENTLY LOW TO COMMENCE 
HEATING THE CADMIUM SULFIDE, MOST OF THE CARBON SHOULD HAVE BEEN REMOVED. 
BEFORE THE CADMIUM SULFIDE WAS HEATED, THE PISTON WAS REMOVED AND THE 
VACUUM PLATING PROCEEDED CONVENTIONALLY. TO FACILITATE OBSERVATION OF THE 
RELATIVELY SMALL QUANTITY OF MATERIAL, A MAGNIFYING MIRROR WAS PLACED 


BESIDE THE "BOAT', ORIENTED SO THAT THE OPERATOR OF THE HEAT CONTROL COULD 
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OBSERVE THE TARGET MATERIAL. IT WAS NOTED THAT THE ARRANGEMENT OF THE 
DISCS RELATIVE TO THE CADMIUM SULFIDE NEED NOT BE LINE-OF-SIGHT, SINCE 
TEMPERATURE RATHER THAN LOCATION IS THE GOVERNING FACTOR IN PLATING THIS 
MATERIAL. APPROXIMATELY 30 DISCS WERE COATED PER RUN. CARBON CONTAMINA- 
TION WAS ALMOST ELIMINATED BY THE ABOVE PROCEDURE, BUT A SIGNIFICANT 


AMOUNT OF FLUORINE STILL REMAINED. 


2h 





APPENDIX II 
TARGET COOLING ASSEMBLY 

Use oF COS AS A TARGET MATERIAL REQUIRED CERTAIN MODIFICATIONS TO 
THE TARGET SECTION OF THE VAN DE GRAAFF GENERATOR. BECAUSE OF THE THERMAL 
INSTABILITY OF COS TARGETS UNDER PROTON BOMBARDMENT, SOME MEANS OF COOLING 
THE TARGET HAD TO BE DEviseo (See Fic. I1). A 6" pyrex test tube (0.D. = 
3") OPEN AT BOTH ENDS WAS INSERTED IN THE TARGET CHAMBER OF THE GENERATOR 
BY MEANS OF A HIGH VACUUM METAL-TO#=GLASS COUPLING. THE COS COATED TANTALUM 
DISCS, WITH A SEALING GASKET, WERE PLACED ON THE OPPOSITE END TO BE HELD 
IN PLACE BY PRESSURE DIFFERENTIAL. A STREAM OF COOLED AIR WAS CIRCULATED 
AROUND THE BACK OF THE EXPOSED TANTALUM DISC. IT WAS CONSIDERED THAT THIS 
PROVIDED GOOD HEAT CONDUCTION, WITHOUT INTERFERING WITH GAMMA TRANSMISSION. 
THE INTEGRATOR CURRENT WAS COLLECTED BY A CONDUCTOR HELD SNUGLY AGAINST 
THE TANTALUM WITH A TRANSPARENT CELLULOID COVER, PROVIDING ELECTRICAL 
INSULATION. THE COMPLETE ASSEMBLY WAS INSERTED INTO THE WELL OF A 2X2" 
THALLIUM=ACTIVATED SODIUM IODIDE CRYSTAL MOUNTED ON A PHOTOMULTIPLIER 
TUBE ORIENTED PARALLEL TO THE BEAM. 

THE ARRANGEMENT PROVED TO BE SATISFACTORY EVEN THOUGH THE TANTALUM-= 
TO=GLASS GASKET SEAL HAD TO BE REPLACED FREQUENTLY. THE CONSTANT COOLING 
OF THE TARGET ALLOWED BEAM CURRENTS OF UP TO 8 yA FOR THE LONG PERIODS 
OF BOMBARDMENT NECESSARY FOR PHOTOGRAPHIC ANALYSIS. ON SEVERAL OCCASIONS 
WHEN THE COOLING OF THE TARGET HAD BEEN INADVERTANTLY INTERRUPTED, THE 
YIELD WAS OBSERVED TO DECREASE TO BACKGROUND UNDER CONTINUED BOMBARDMENT 


AT A CONSTANT ENERGY, ILLUSTRATING THE NECESSITY FOR THIS DEVICE. 
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REACTION 
532 (py )c133 
533 (p,y)c134 
534 (p,y)c139 
53°(p,x )c13! 


532 (p,n)C19¢ 
533(p,n)C193 
534 (p,n)c13 
536 (pwc 13° 


$32(p,0)S9! 
533(p,0)S3¢ 
53! (p,0)S33 
53°(p,) 2 


s3?(p,¥) Po? 
s33(p,¥)P>° 
s34(p,X)P3! 
53°(p, ¥)P33 


TABLE | 


Q 


26 


Mev 
+2.,285 
45.12 


+6.373 
+8.46 


-13.8 
-6. 360 
-6.30 


-2.0 


-12,8) 
-6.42 
-9.19 
-7.69 


-4.197 
-1.531 
-O.611 


40.5 


REFERENCE 





List oF EQUIPMENT 


THREE 


THREE 


TABLE [1 


- Non- OVERLOAD AMPLIFIERS 


Mopet N302 
HAMNER ELECTRONICS COMPANY, INC. 


GLOow TUBE SCALER 
ATOMIC INSTRUMENT CORPORATION 
MoDeEL 1283 


Type 531 Oscitroscope 
TECTRONIX, INC 


PHOTOMULTIPLIER TUBE 
6292 


DUMONT 


PoLAROID LAND CAMERA 
Type 2620 - Snutter F/2.8 
POLAROID CORPORATION 
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